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(54) Color electrophotographic apparatus and method of processing an image produced thereby 



(57) An image reproduction engine which causes 
toner to adhere to a development region of certain area 
located at a certain position within dots according to 
image reproduction data is utilized for image process- 
ing, wherein a halftone is expressed by means of half- 
tone spots formed from a plurality of dots. The cernroid 
of the halftone spot formed from a single dot or a plural- 
ity of adjacent dots is shifted from the center of the dot 
to an arbitrary position, thus achieving desired screen 
angles or desired pitches of halftone spots. As a result, 
screen angles related to an irrational tangent can be 
realized, and the pitches of halftone spots of a plurality 
of color screens can also be made uniform. 
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Description rO;: ' . 

BACKGROUND OF THE INVENTION : - - . '.^^ 

1 . Field of the Invention ■ ■ji^^-. ; ; : : ^ 

[0001] • Tlie present iwerrtion rel^^^ 
trophptographic:- apparatus: which , perfprrnS:^ -halftoning 
operatipR$ through :use; of , hfiiftpn^. spots formed by ;a 
plural|tYYOtdots.ria5method pf:pro^^ irnage pro- 

duced by the color photograp_hiCi: apparatus, and B' 
recording mediumi haying-recprded thereon' a program ^:>:t: 
to bemused for irrpge processing.- ln;Siis*speetficati^^^^^ 
the word -dot" implies "pixel" .defined as i a unit cell 'jni,>L^ -i 
electrophotographic apparatu.ses.i; i-.j:c a £; i T5 
[0002] r The preserrt application is tesed qn rJapa- 
nese rRatent . Appiicatioa No.,Hei. ir:1i-2S666i which jSi.v^ c 
incorporated.rherejn by reference, r • :-;iX: , - , : fy ni n^i 

2. Description of the Related Art v v:; . ; ::=n. va. c:^: 2ft 

[0003] n : JrL an electrpphotogrgphicappacatust, sudf: rooi 
as a cplor;printer:,xir a c^>).or c^pij^^^ 
reproduced by utilization of cyan toner, nnagenta.toner.ior. Vo 
ye!low(.tpner. and black.toner :P5^^iG^|afly;:annton^ color: ^j^, 
printeiB; sonie page prirTters-wht<^for[re:a latent irnage\-i^ v:i 
on a phplosensitiye:drunriil^; Utilizatipn: 
develop ;^e !atentrjmage by: use of :Charged;toner;vandyB "; 
transferan image;fermed Jrpni.the thus developed toner^' 
onto transfer-paper,i:ao change .ar^rarea tabe' expose^ sr3ft' 
by thei laser- beanrViWithini£a?.do$^m^^^^ s \'; 

Thus,:.ev^:w,henrtte ^nuntjerbotldot&pec^nit; areacisb.^ >o 
snriall.rtjios^ p^gejpcirtters^n:repnoduceja:cplpr imagent^ 
with high jesolutiQn^djbig^^gradatioh: IOC be* v r-b id asigns 
[0004].rii hto ^cha^coiorrelectrophotogfaphfCi appararei£35i 
tus, a.:jdi1feerLngonriethodj>has'^J?e©ri.\^ ias?a^rtoyiq 
binary-coding method to be usedrfor»Treprc)ducing thfe niJO 
hatftoHi^^^pfnargr^y-tScalejmage.^AcaEXjding^^^^^ 
ing mejtipdirbyj'eterance to-conver^sion tables whidiare^.i>Yii 
called: .dither3matricesroritf)resholdsvalue>matrices and . .m^ 
whichn-de^inej the ^icorrje^xjndence^jaetween chalftonene vr.: 
data and : imageL,pcoductiorii^ala;ca :determination.'isr>" t,so 
nriadeLas^tO;>vhettiercolor spiot^s displayed i v is^i 

or not r/^ dot risc^'ON;; when; coforcspo* is displayed ^and i 
*'OFF'';>vhen<x>torrspoti:i^^ 

are produced by one dot or some adjacent dots turning^ jpe ; 
"ON'.jandvhatftones of.the inoage^are -reproduced oh^r LG. 
the basisiof-the sizes of halftone spots; c ^? :M > r, o^,' 
[0005]> Dots:are arrangediinithe.direction of prinaary ! ?o 
scanning in .which a laser^ibeamds. moved foil scanning r^jso 
(hereinafter* referr:ed tp sinply^ a;"primaryrscanning f.tF 
direction'^ and in th§^direction-bf secondary^scanning in : ^: ^ 
which-transfer psqaer'is fed. (hereinafter ceferredto.a^^ it- 
ply as a Jsecondany-scanning direction=). As some dots 
become "^N"iand.1husTform the ''core of the growth" of; ss. 
halftone spots; As the:^gray-scale*level of the halftone "i^^b 
data isiincreased furtherathemumber of rON'Hdotsi rs 
eventually increased, ; thus gradually enlarging the size > • ? - 



ol the+ialftone^spotS:- ^i--^... ' -^ •* ^o: 

[0006] cFIG:''r«hows thecombirtation otthe angle of = 
acyan's<a^eeft. theangleofamagenta-lscre'fen/tfi^^^ 
of a yeHoW scrfefehf and the angte of black screen?which ' 
has cdrtventlbirially befeh used'iri v^ie applications of • 
industrlal^"^phntihg' systems^ As shdvwi irt the drawing. ^ 
according tp'tha conventional techniquiB. the angles of 
four color scteens are' set;' specif ically. !he angle-of the 
yello// (Y) screeiicis sef td^O**; the-angle'of the cyan XC) - 
screen [or the angle of the'magertta (M) screen] is set to 
15**; the angle Pf the bladt (K) ^reen is set fo -45^; and 
the angle of the. nriagerte-{M) screen [orihe angle-'of the 
cyan (C) screen] is'&et td-'75**;- ' - " ^ " 
[0007] ^ It is aIsP kndivtT tfiat; if the screen angles'of 
the halftone spots are shifted in order to-prevent^chro- 
matic. imisregistration;.h a?, i so-called rmoli:§ pattern 
appears: It.has enpirically beeri^acknowledged-that •■ 
shift of .anglex)f 3bput^30^ between two-color screens is • 
optimalrforjncreasingfthe spatial frequency of the moir6: 
pattern; to thereby rendervme nioirj§rpattiern ihconspic 
ous. Yellow.is Ijbss noticeableito the+iuman^eyai^Thete- 
fbre. the'Otiien^S color screens (evM,K). are set shifted 
from each otherbyr30**c Further; the?angle:of the black - 
screen; which-is:most nnotrceable toithe humari eye; is j 
set to 45?.^sG5asv^beinnost distant .from > a longitudinal'^^ 
angle of aodfaliorizontal angleof SO*", whrch are.eas-: ' 
ily recognized by the humanr^es Theahgie^of the cydn^ - 
screen :is setrto 15"i fand ^the angle of the magentao 
screen.is set'ta'75°5iFhe angle otthe yellovfr screen is^ 
set to 0**. Although the yellow screen is set to the -idngi-^ 
tudinalidlrection OT.Ihe^horizbrttalxlireGtionthat'ate most < 
noticeable^totheiiurtian eye-' the yelloW'Saeemdoes not ? 
become^ igceatly^^'naticeablern because ' yfelloW ^is least 
no4iceaWe-to>tiTe:hunrian^.*ev^L -oS a^n yb:;; v 
PM)08] n ilijAs mentioned :above. the: industrikhprinting^ 
systemisidesigned so as-to' prevent a nioir^ pattern by 
setting themagenta'or (yan:screen'to>ah ahgte^df 15*^ or 
75° and :rDtatrng;ithe'rctolo'r screens:^ Since the dolbr 
screens are only-rotated; exactly as^they^ej- the pitch<^ 
anrK)ngthalft6ne':spots is^irttaineduniformthroughtfut ' 
the 4. colors^ :^v;^i m - v ^edT^jn c.,it n: e-^f:. 

[0009]^ ■ Ihran electfophotographic^apparatuS utilizing 
a ias6r beam; the pattern^f dots; which can be devel- ' 
oped by an engine -for developing jan actua^lmage o^^^ 
the basis of image-^eplXKjuctioh^data^is liitdted^ to the 
direction of primary scanning in whifeh^a-tefeer beam-fe 
actuated for scannihg, as well as to ihe directiorv of sec~- 
ondaryv scanning in iwhich pajier^is fed; Unlike the indus- 
trial printing systempthe electrophotographic lappai^tus^ 
is incap^le of rotating the color :«dre'ens to arbitrSiry - 
anglesr Accordingly, in the electrophotographic-appara- 
tus, desired screen angles are achiev^ed^by* shifting ihe ' 
positions of the dithenmatrices to be usJed for XM dither- 
ing method in primary or Secoixlary scanning direction; 
or by changing the data in the conversion table, as^ 
required. 

[0010] FIG. 2 is an illustration for describing a con- 
ventional method of determining screen angles in dith- 
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ering method. In this example, dither matfjc6dv40;1each » 
measjurirHg m X m. are shifted.from.one:aporlher;so as to. j"- 
corre^ond Htq irn^geodata,; thus achieving a? screen. . 
angle 0; i.e.,:-tan;^,^= Ip/a . ^In a,more%sp^8«P^«9carttple r, : 
shown in: f: l|Q • 2i :dither.«Tiafrices:40 g^re$hifteddsych that - 5 \ 
in a hQqzontaj/rpvy pl. djjther niairiciB:^,46Q:eiaeh.,ditheCvr 
matrix 40 is verticalJy.^^shift^d from th.e/prjece0ing; <^Wier f 
matrix -40 by a given ^n}Qunt;^uch:.that.^tter:*tour sbi^^ .v., 
the last dither +nf jhe^.rpw^^ v^itticsUyrShifted.lDy an..:.. 
amount couesponding to^e height o^pne:dither matrix / 10 
40. Therefqreowe. h^ve tan^e , Adith^ matr.ix-42 ; 
designatedi^by broken -lines compfisesi:^ plurality of. -z.-: 
dither matrices 40. It Is possible tadet^rnTjpeth^ i^reen. . s. - 
angle at ^nr^arbitr^ry. v^lue vyith ljMgher.degi;ee of freeruo^* 
domby^Tiea;n$ pf sj^ha JargCidjthef « bis 

[OOltJt.Lh'i^ screen angle:) of;- 15& fori^oiagenta and ai 
screen ;angle^of5E5*^for cyanriwhiqhfarecteenriedito cort^w v* 
tributetL:tQ?frie:-bestpictdre3qualfty iAflhe^printing Indus- f> = 

try. are relc^ed.ta3airratk)haJjlangc^t*-6'^^^ • 
which is>anfkratidnahnufTt>ef }: Anghe&^eiat^d to the Irra-^ "^20 
tlonaht»^'dr44:annotiba repft>diicQd; so long! as aiim- 
ited number of dot&;,arTangdd^'Vi bothrlhe cfirecton ttf .b^:o- 
primary, scannihgiand tf^eidtrectton orfCSecondahyr ^toSBrt- rr 
ning are iitilized: irFofi'Tthis ^e^dsovt « itwicenventionat 
electrophotograpbtCTtapparatuS: the ma^^nta-^screfenc 12s 
and the c^ screen aor^set tp.an(^es whtchvare related^'ij 's;:: 
toa ration^langfirrrtrCdtarr'e «>ato-'.(whererra' and "b^^reei yii 
integers).^d ft=? W arxfte ^IState fiotrelated to theervs 
rational itap^oetntlcaed <;losie;ta an angpe ort5*:and; anrr^r>5 
angle ©f,Z5&fc.lj 01 is? b\ r\^e^o^ wolibv eiit rl*j3'jjrlTii^. ."'j ot laa 
[0012] - : fAnotherioiCQnj::ewableJ''aappdoacho;:lo«^ 
selecjttng angles£whicb:af^ relale^t^therratriooat:tan5i':::>r: 
gent and- close tO'4€° ^aixk^*!i iSfta.inc^ease.1fcie£size5Qf o^ari 
the dither matrices 42. However.^ o u »3 beibot dotsip€c:>i:oM 
unit ^eafwhicb^the^ngirte caapcoDess'isas snPiall a$^> 
e.g., ^Or.tipfe.(ctG*s,rpef liwJ^/df'i^ szeyoficthstdiaierajc 
matric^is HrYC^^sedctefftene-spot pftc^dnoif^ses aii^ lin^i 
screer5)feeqMencyts3liminmhed. Fiirtherriariiintcrease'in -^ 
the siz^pf dither,ma4irice&also/r^utts:tf» an ^tncreaseefa-r^.r-c-: 
the nurebfr of Qor? espondipg jequrrerf >;table& Such an o^ 
increase in the number of y tables in turn involves! an- f ir 
increfsejiJnjIhe-VPlUBie Qfr^jpecoaxJingiiriedrum f(ih-\oO't 
recordeig4jBierCQeyei^|0a t^es.f£ven<ually,(th^^^ oif^^l 
the ete^cj^iQtographiCfaiJpatattis-i&iricrease^ '^3 .1 ^.eoc 
[0013] fr o^Jri.,:a.case vyhi^re-hatttone^.spot^are. fbrroedcJ .4^; 
by utUjzayQr);oSdto€fecjQtsifixedlyiafFaogerf the^ ^.r: 

directionsofprimor^isc^nto oi#ie las!erfbeam.(i.«i. the^u: 
primaix-§9jannirig!dir©c6QO> aod.^the directior^:pf' secooc^-; 
ary se^uwHOS^^dth©, $Qne .fr.^o tb© !secbndary-scanniing:i ^ 
directiQ!5)rtr9?e pitch t>f3^eo\ halftone spots anwigrthe:^? so^ 
color sqE^ens:<?l^ffiff^jQntc€lfl9)es cannot be imade^uni- . 
form. .evenisn,-thi,s,:respec*. ctbe^ .^^ctrophotographic . 
apparatu^^ericpuntejs^difiJWtty providmgj^^^^ pic- a^ro 
ture qualjtvt, ^Jhat rPtgvidecl^byHthe -industrial rprirrtingr : - : 
system: ;:t -.^ r:j Srn; f> . M^'i; t; 55: 
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SUMMARY OF THE INVENTION! ' ^ * '-^ ' ^ - 

[0014] An object ot the^jfesteht Jhvertfon as tc^^ ^ ' 
vide an electrophotographk; apparatus capable of 
achieving screen angles related to an lrralibriallahgent;-- ' - 
a method of processing an image produced by the elec- 
trophofcigriaphic-appafaftfs, a recording meclTum oh'* ^ 
which 'ancifnagep'proc^irtlg-progFaam ' • 

regard td a tSOrcM^ 6ld<5to{Dhdtb§raF>hiG ajDpar^tjfe'^^ • - 
reproduces "artt ihflag^' t^' Utifealiori 'bf "halftone' sp6te - n 
formed from a'Jplurafi^oracrtS.'" "*^^ • ^ v : 

[00i5]Bv TAnijthferdt^ec^df iflie^'p ' 
provide? an^fer^roph6togr£(»iid^^piaratU6'G^ of ■ • 
making runifonTi pitChes>^0f^ftialtehe'sfk)ts in a^scr^fen- ' 
e»mpatible with a plurality-' of 'Scolor^ a method • of ' - ^ - 
proces^ng ^an ^imag^ 'producred' by the ^electrophoto^ * ' 
grapNc'apf^ratus/fiihd a rebprtiing 'mediun> on whibh - 
an image processing program fe'refcorded'^^h regard 
to a color electrophotographic apparatus which repro- 
duces an image by utilization of hatftohe/i^sbtsJorhied. /r.^^^^^ 
from a plurality of dots. 

[0016]:'^ -rr Sti«*'ano*rer:ob|6ct 0* ttiepresent invention is' -''^^n 
to achieve ^e objects through us£e of £tredud€»dnur^^ > ^ 
of coneersidh'tabteS: 'j^-^.:-? r-<-vr -c rolr;'-i!uj ^ir.^r .-^M-y:- 
[D017J1K.C* An^image r^pit>d&ctidri engii^e which caufses ' ' . 
tonerotD:adh^e46>/aaaev6lG^>itientregk)fl ot^^al^fiffare^ 
locatectaatvatcertair:'posJ1k)ri^Jwithirt^Xkrtss^ £ - 

imagerreprodocttofipda^ iis iitili^ ^^tnidge-prdcesi^- ^ ^ ^ 
ing. wt^6ia-af*ialfWneus exjiress^^ ofllalf^'^' 
tswie fepctsctoraedifromiiaipUirslity'df ddts.^^T^^ 
of ahatfton6spotfCDrmed^frcm^f)gte^«ld 
of adjacent dots^^caabefihtftedfeonrrtheee^^ ci-^f 
to ans^ibitraV^Positksnpthqd^aGhteKring^ddsti^ 
angles or desired dot pitot^.' Asr^r&^ir.screert^^^^ ' 
r€3ated1o:an itratipnattartgeilt ean Js^fe&lite* ^ the^' ^ 
pitches^ balflGtoN^pbis ot-d((blur3li^^GOtG^ ' ^' 

can ^50 besriiaiteqrriform^au e:j ct uo ::eT; ^:tii>c:. v>,En^r. 
[0018]^.1iirtn.the t^sctof '^ete^GEt^ 
ratus«^icb•rMs^ac^8a^t3«a^^beamJorlt^'^^^ "r iy\i 

' whiled^e^^g>sicartne^in^ SJigitfefltdlreirtto^ 
invention i9riables=the^f»sition !and:ai%aowh6fe theistser- - 
beam^siradiated^ tte controHablyicti^ged^i'an attst^ ""-r^. < 
trary pbsitioart aiid ^^yracforseada^dotr byr^Fffoduoirig^/a^-'-^^ 
laser drivepulsietsignal dccoidihg to^nf>ag'e^ f^bdiictibn: ' 
data by^mean^oft-pulsQrwidth jnodulatiom(PWf^r:as ' 
required ."-..JJ 0*1:1 1- *neD£:bsr -^^ ncr. -c 'oo .9 no yd tr OL^trr 
[0019]:> Lv tn.order tofreducefthB wtumerof cdnv^rlsio?i . i'tC 
tables which are provided^wthinisiTOntroUercSof anielfec?^ -* y * 
trophotographic apparatus idr^aixlriver of 'theUi^ and'^C '^O] 
whicho'definec^the ixonresptondencet- between ^halftone 
data and image reprbdgctiondatarthe preser* tnventiorv*^ ^' 
utili2es ^n index^typ5?:icorT«ersion:iabler>The conv^rsion'"^^"^''' 
table comprises a pduraiity otyitables defining th$'corr€^ 
spondenice between.nalftoned4a.andiafia[^.reproduc- ^ < - 
tion datai-^andi^ patl6nrt.iTia1rix»whichincludes<«efer&hce"^ >->'"^ 
data reprinting yiatdes teib&referred'lo so &s to cor-v. . " 
respondrtooaMlfatrBc includingf.ai pierali^ bf dots. By ' 
meansiof suich aiconfiguration^tsonne^f reference data ' ''•^ ■ - 
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sets in the, pattern matPkK can b^eidentical. and^a sing^ c BRIEF DESCfl lPrTiON OF THE DRAWINGS ' • 7r(^\ 
Y table canbe referred to tJ\^r^'^■r^Gzr\^' vj / v ^ ^i^^-. ^- • ? f : .*^ 
patteri^malrix.: . / ■ - -!;>;; ■ • riry- ' [0024] * ^ In^-theiacxompanylng di^ngs: ' £ ^ v:;- .v: 
[0020] -flbrachieve thfeobjects^of thepresem ^nT < V- ; 
tion, the present invention:provides?a color ^eiecttopho-^^. .5 . FIGLt^t i$^ah Hhifitratlon showing the combination of ' 
tographio apparatus whiciv reproduces^ arr image by: theangle of a cyan screen/tti6 angt6 o*-^magenfa 
utilization of a plurality of color toners and by expr^sing . . screen;"the angle df a yellow screen, and the "angle ' ~ 
hatftoneyof ;jeach t;oJor- through use ofr halftone, s^ of>1)lad<-screen;^ which has cttnverrtionally- been - 
formed^fromia plurality of^dots, the^paratus^^^c^ ■ used Jn wide applications of iridustrial printing sys- 
ing: ahalftoneprocessingsectionvvhich;is provided >wrthv, io tems;'^ - ■ - - ' ' > " * * ■ 
halftone>data for . respective, colors - andv which trepro- - FIG: 2 is an Itiustralton for describing a conviBntional 
duces the image reproduction data corresponding to th^ , ^f^\' method ot determining ^eeh angles;; '■ 
dots on;thefbasiS;pf =the, halftpne data by^.eference to.a;,o; ] FIG. 3 Is an illustration showing an "ebcantple of half- 
conversipp tabje d^iningithe.corresFKDnderi tone spot according to the first embodiment W the ' 
the halftpne.'data prepared^^ c iiyesent inventionv r ^ . 5 :/ • : a 
dots and image; reproduction data;^ an Jrnage:r^rOT; ;fq t" frJG;. 4? is an-ijlustr^tion^ showing an examplevOf .ai . : . 
duction erigine which is providedfwith a drive signal cor- ot halftone: spot .which ^isjiormed ,on the basis of the c^zh 
responding^o the.image reproduction ^ateiiand vyhjch-^.r ... foregoing jprincipleiand .is-grownraccording to tiie 
causes frie toners ; to adh^re-tp. a. first .ernbodiment; r - v :;e;iiiLi > •/ : k 
whos&area and location eqrresppnd to th.eimage r^prp-r li F^IG-' 51s schematicfepre^entation showing a con= • 
duction data, within the dots, wherein th^;,halfto„n^;jl - n v^ersion teble used-in the^irst embodiment; v c .i^cr 
processing.-sectipr)vprepar©s fhf in^g^^reproj^uction rtaO} FIG.r6;is aa illustration showing an example ofithe -^ii' 
data to.berusoid fo^ changing the angle >Qf QnetcplQr:>r,ip£ pattern rnatrixaccoidii^ to the first dembodimentr r-^^h. 
screen of the^plurality gf,.cpl^ fSubst^ntiailysv.L FJG^ * 7 is* ^ r diagrammatic: representation : of an • 
an ar^le related to an irrational .iangen^ t^, to^s: exanrpleX)f the-r table according to:the first. enTbod-\n^ 
[0021J r.^Furtheirr;'tq achieveJJ^e^ object; tlie pj^!^ iment . : - •^'^^ , t * t- j > o"^ n ip: > e 
inventiqn,provide§ a.qplpr.eleetr F!G^8 is ar^ iJlustration;shovwng index-iype eonver^. -i 
tus which repr<xluces:an^^ image byiUtjy^ f\0 sion tables .according JO a second embodimenf of 

ity of-cojcr- lboners and-by .expreGsjngi^^ialftPAe tiie;present.irrv^on^o-'v.c ' r i:t : ::ir: -. ^ 

color through use of J^a^ftpne^^ rsq^ c - FIG. 9 is an illu^tionishowing-an example . of a e v 

ity of^ dots.-5ith€j:,appar:3lw .cpmpd^^g;* h^lftoh^ toqa patterrt;;rhatrixiaccordirtg to:.-thevE;etcond embodi^xOO: 

processing 3e.cti5>n which is^prpvid^^^ ment;vy nor: 5^ n^)-^ iqa-vvan ^rii -h . rr?: =?. : 

for re^pfc$ye:cpjpjs:^arel whijch eit FiG.*itashdws^an-example'.of:fialftoneJspots that > 

reprodi^io0".d^ta^ corr^ppnding sJo^the^dPts-oo ithe; bns have beerr^grown according; to the second embodi- 

basis of the halftone data by reference to a conversion .3r?5; raent; i-^'.;:; i;; - ivnj n:-^i no: o:,: ;^ .: ^:>^r,o' ^ . v;. 

table definiJig tt»e*cpr|[;espond.©iQe.i3gty^r^^ halftonre-COD] RIQi 1r1:is a<schematic.diagrann;showing the.cdrrf ig-- ^- 

data pre^ared-sonasr tQ iCGnre^orKli.toith^ idotsr ahd^ioa^: uratipn- of an electrophotographic syslern; and. rs' : i 

image/ r^foduetiQn^,data/iar3d^ ^.urnagqcreproducboni edi RIQr ;:12 ilsh^a^^sichematic diaigram shoving another : 

engine whiehJs provided y^ltadriv^sigpa^^ configuralion:ofttine-electrophotographic^stefn.i: • ' - 

ing tpthe^lmagereprpducti i; ic ^^fnt ^r: c 3 o ^ ; e?o^ * rrc-' .-i^-y^ 

the toners; ;tp ^^dhea-e^tp. a- 4€yelqpiS»enrt ^region fWhosev/irv: DETAILED! DESGBIPTIQN OF THE -PREFERRED v 

area af;!d JocationiCorresporid itp:t&e imegereproductidn one; EMBODIMENTS ni : ^ e^or . -? ; j r :: ijr; 

data, ^Jthio,fthetjdq4s.vVyhereiinc^^ rV. n^^^^r. ^ yd sj;: i^iafV: / o . j^'c. N;f^ r r 

section, prepateis lh^ei innrage jreproductioD;'data^vtOirbe?;tcv;;: [0025] Embodiments of the present invention will be ^ 

used for maKngitheadistancesracnongih© centers of the " described hereinbelpw by reference ^tolhe accompany- ' 

halftorie spots iPf^the pjurality^of 'cojoiss ;substantiallyv ^ ing drawings, i However. :thev illustrated -embodinrierTts^ ^ 

equab - = i .v:: n;: c or .r^Kiv if: ■>^*^ shall not limit the technological scope of the invention. 

[00221 r ,Ihe f presern , . ^invention: v^^also 4>rovfdes. a; ...x^ [002^ FIG^^shows aniexampfeof a halftone spof -" ; 

recording medium which reservesiarhJmagaprocessing^' - £^ according^to -the first emt>odiment:of . the present* invert- i 

method. jor use:.wrth,the foregoing >electrophotographrd:' 3o tron. In this example; a^single halftone spot SP^is pro- 

apparatusqand ^va: program ;jLJS o ducedby formation of a development region designated: *^ 

proces^ng.r- j. ir t r: . > ->tit sor o air;: i- f ? - ; as a shaded area,^ within idots 0X X6 D6 produced at; • ^ 

[0023]- features and advantages !: of tthe inverttion-? f.o e.g., 600 dpij:iFornriation-.of the;/;halftonecSpat wil^'be- * 

will be evident from the-fbllowingidetailed description of : • f i described by reference to electrophotographic^ systbm/^ 

the preferred emtexliments described in .conjunctioTfc ^is^ in which a Jaser diode Js activated on the basis of image " :- 

witii the attached;drawings; r i r.;i. ^^.r^ r : . rv ' r reproductionxJata in accordance with a drive^pulse mod^ ; 

. --ar . c^>; . ^ r.'^'O ^ . r ^ ^ .v: ulated by a pulse-width modulation method, to thereby 

V- y-: > ^ ;;>::ic. ^rtou^ v - = radiate a resultant laser beam. ' 
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[0027] The' Jaser beam Is. ridiiafed ^'ntdlAi.dot~Q1'.' 
such that toner adheres to a region encompassing 
approximately the.Tightmostpne*f6urth oiiitefdot (here--? 
inafter called "rightmost one-fourth region**). The diame- 
ter of the.Jaser bearn is equaLto; e,g:»?the longitudifta! 
length. of ithe-dkrt, and the laser t>eam.jis radrated;;prrtO'a; 
desited jegipn: while being scanned, in -the transverse- 
direction of FIQ, :3(: Accordingly, in the c^e t)f-the dot 
Dl , the drjye pulse fbrdriving the: laser is imparted with 
a timing and a width corresponding to approximately the 
rightoiost one-fourth i?Qgion. The dey.elopment position 
can be controlled by controlling Jthe trming; and the:area 
of deyelopnj^nt can beL-con^ojled <by: corTtrolling .the' 
pulse widths -V .rt^ -ir^. 3 j; ;,..tt ^ * * ^ * 
[0028] A dot D2 is adjacent to the^dot ;* and 4he'. 
laserr beam-is radiatesl onto ca- region- 6ncompa[ssiiig 
approximately the leftmost oneTtenthfof^he' dot 02^. The 
development region of 'predetermined^ width is: realized 
by connection of the irradiated region o?' the' ^jacent' 
dot D t rto, ttie • in^ated' region Jof the -dot 7 D2r Thfe- 
entirety of a dot^DS isiexpbsedtto the laser beam^ The 
laserTbreaim is^radiated^c^o'a region ehcompassSig' 
approximately. the leftn^>sttvwo-thirdsx3tan^ adSacen1f<f^' 
D4. As^^aresult^awide dewetopmentregion fornriedty 
connectrooKsf the iiradi^ted region ot the^dof OS'to ther 
irradiated region of the dot 04. Similarly, the laser b^m^ 
is radiated onto' a' regiop encohfipassing; app(%»dnriately • 
the rightmostone^hailf ota dd 05;?ar)d the la^rbeam^^ 
is radiated onto a region encompassing approximately-' 
the leftnrTostrone^fourthcrefgiorrofradotOei: i;. ^ D:-; 
[0029] r>-r-The^tia*ftonei5spot SSRrshownxiiliiPIGfc-anisn 
characterized in that the development region formed: 
fromlhe dots,:D^:ahd:£)2'Jsniarrowerthan.tbe.tl^eldi^^^ 
ment- region formed^ from .the dots 05 and and thatt 
the development region formed from the adjacent idcAS' 
Dl andrD2,~the:deveiopm^;nBgionrfofTOed *«>nl tfi« 
adjacent dots D3 and D4par0jthe\dev^qDment'r^^a. 
formed from thevadjacentt^ots 0&arKldi6iaGe shifted' 
leftward. As avi^esutt ttie centroidof tftetiatfton&spQjt SP 
formed from the dots D1 to D6 (i.e., the center of the 
halftone sp6t::SP):Ef gl&c^Tjf^ 

from the center of the dots D3 to D6 in an ijpwaard aBdO 
leftward direction, as designated by X shown in the 
drawing.* V, ' % i;ie"p/ ^^ .-eeic or-f 'o^i^ - nib: 
[0030]^- IrriaEKengine ior reproducing 'ad iraagi^ pro-: 
ducedrby arpefectrophotQgrdphicappaFatuS'iin whtGh^a 
drum is electrified: by -exposure |0' a Jaserik^eam and 
toner; is,adheredi>ritic^thfe.1htisrelectrified.xiri^ even if . 
the laser beam -i&^ radiated^ onto '1be< regions such as 
those shown'lft FJGh a^rtheihalftopiefspot^SP to be finally 
reproduced bjesconaes more 1 xounded . than c^the -shaded > 
regionfshwnifbJFIG; 3: bylmeahSTOf'the.s!iape>of ,the ? 
laser .iDeaiu or theadhenng^aracteristic of^tortef; The 
centehof tiie hatftonejspofccaio*)e placed=at-an arbitrary . 
position without j:egafd to aTFangement=ofcdDtSr,by.set- ~ 
ting th.e position&and areas within dots taite; e)qx)S6d .to . 
the laser beam, as required, - nL : ■: 

[0031] As mentioned above, a development region f. 
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of arbitrary-afea can be produced iait^an arbitrary-lbca- 
tion withih adot, by meanVof cbhtroHihS tHe'timing*and'^^^' ' 
width of a pulse signal used for driving the laser^ Utiliz'a- - ' 
tion of stBCh a development method and tformaftibn of S " ' -^ 
halftone spoUbrough use^of devetppment regions of a 
plurality tof dotsr enables ^controllable changtng^^f:^lhe' 
position: of the halftone spot nd-an^arbitr^ jxteitioru '^^ ■ 
without regard^ to the pitch and airangemiBm^of dots.--' > 
Thus^.the present irwentioniienabres^nnatibn of 'a^tialf^ - *' 
tone "spotvfat van. arbitrary pcsation- arKliTealizatiorn of"^ ^ ^ 
screen angles related^cnarirlcrational tangent and:arbi-^ ' 
trary pitch of the tialftone spotsr o ^ / ^' . .* - 

[0032] ^ FIG; 4'isah^wSnTple^if a h - • 

is forTned'bri the iDasfs'oNhe -foregoing principle and- is ^ 
gpowwh* ackjofdihg td tfie firs* enlbddlmeytt. FIG. 4 shows " 
a plurality of halftone spdt^ t6be fornled from dots Di 1 * 
to Df2,i2df ft ririatrixpfette^h^aving 12rbws*^a^ 12 col-** 
umnsi 'As wiI!-^:bfe''desi61^ibiBcJ l&ter. a'cbnversioa tkbl6 
definirlj^cthe^c^rte^sbnidehc^'be^ halftone dafa of • ^ 
disfts and'imatge reprbductiori'-d^a a^^suifies the form of "-^^ "^^ 
a 123€12>m&trix:' ^ n.-^e-'' >^ .ty.- m-'.:.v, rvr.- -c^^:.: 

[003^]^*'^ - Eacfrhalftone s?30t may be formed from fbiii^^ ^^' ''- 
adjacent ^dofei^ six '^jftcerrt dots;' or 'from some other - 
nunnbei^f d6ts:^h dither ca'Se. 'the center of the halftone - * 
^pot is set at a desifed^Joc^tioK' without regaid io the ''^ 
pitch - or ^-arrangfem^ 6f >dots.^For exampl e?^^^efWthe' - - 
horizo^Ttail direction' wrtft ^efe^reh^^^ to the point of dHQiri' - 
OR located ^f4K6 lower -lefp end iis tal^n -a^ the^'X-i5ds^ - ^ ' 
and the^Aferticai diifJefcSidn vtf^ the sam§*feH- ^ - 

gph istekfena6' th'6'Y-axi§;i th¥ecK)idiftat^ bf'B Fialftohe — 
spot SP^^fetf^ sfet tdf'{8.2? 2>0), ahd^tie^^cboidihatesTof " 
halftcwe^f^SPa ^W^^'^WjS/ T077). -Ih lhi'stca's^^^^^ 
the haffrone^spbf ftfrhl&d - 
and tfe6?harftcfrtefep«rt;SP2 feJf&rmed^rom rme adjac^-' . 
dots. ^'Ot2T'? vnco <B ot sonsieis: ^'d x^:^r h:.ff\:-:r i^rUto r 

[0O3^:cM!^SCtiB(eri£strt9le^^a€#^^ halftone ^' 

spots:;8Pl2artel SF!2'<Le">rih'^ar1gfe of afine^c^rfrt^h'g .^-^^^ 
the ha^^torte'^ts^^i^^^4.!^°;^^h^^r€fr^6e^^^^ the* Y 
axis. The>scfew^^:5giVeSiy^cfiSse^'«^^ 
an angle^relat^^to ^:^rt:Atibh^ fangefft:^l^ :r 
between the twoPt)aHK^^^pi:ai!srSf^ and^SPS^is 9:0^iifo&'' 
long.^Sii^^lwoshalftone«|fcit6^swst456t>^ - 
tone 5pots SP'l:artdSP2^the'*pin5hbetwei^^ « 
spotS3Sh(»Vrfiln1=^IQ:4'(ir€&;4he Bme^f dis^hc^^^etv^^h' ^ 
the halftdne^^sote) asfeomes a.^tarof'^^adots^qfl the - 
screen whose 'angte*4s 0*: resfeaton off ^a^prteh^icrf 3;0;:r;iL-, 
dots is easy. Therefore, the example screen of FIG. 4 ' 
can be used asca rotafted^ecf&erp of ^^scr^ri With the- 
samelietfftone 6pcJtf3ltch'(3^0dotsO: ."c> - ^ 
[003^ ^op i|^vth&:;s^me^ manner cds ^n^ientrorted prfevi- ^' 
ouslyrthe 9crfi!ein:affg!^i:ofi.15^^nds«^ 
can be realized. In this case, the pitch of halftone gpot^"" ''^ 
can also beeset toia valaet'of 3.t>d©ts> in tfrfe sarme manr^'--* •! 
nerasin th0'pffevtoilfi£ SfiKartiple'of'>FlGi:'4: ^'-^n : t; '^-v ^ i ; 
[0036] FIQw 5 is s^madc representaiioh showfng^: ^ 
a conversion table used in the first emt)od(mentr The ■ ^ 
conversion table is ordinarily stored in a halftone 
processing section provided within an internal controller 
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of an. electrophotographic apparatus. Image data sh^ whichigrows when 1he input level of ttie image data is-' ' 

in FIG. 5(A) comprise halftone data for respective colors .::>■ comparatively, intermediate lev^eirThe^^^^^^ assigned-'^; 

corresppnding.ta.dQts. TTie! halftone. data may corre- .'j^ to referencervnum|brercrp":coTOspb^^ to a dot which J^"^- 

spond to a color space of RGB or to a color-.space ot :^ does not growrwrhen the input leivi^l of 'image data is Idw' ^ 

CMYK. CMYK toners are commonly used in a color 5 but grows when the input level of the image data has 

electrophotographic .apparatus., In sueh .^a case.jthe;; ■ reachect^jcorriparatiwely high leyel/x-j:^ : ; 

image data comprise halftone data con'esponding to Y. [0041] a? Innhie first ;ernbodirnent;y tabled of T44^types ' 

M. C.:and ^C,.re5pectiveiy. j . . i.r :.: . ' ^ : ' ' ■ are associated'with the p^ matrix^havinQ 12 rows ' ^ 

[0037] r A pattera matrix shcwrr. in FIG. 5(B); and y ' and '^^2 columns.^ CoftSecJuerttly.^lhe 7 table ^hown in ^ 

table$r.shovmfinTFIG.^.5(C)/arecappIied to suchtimage o w FIG.^Talso conrpris»sy'cuiS^66'6f i44t^^^ ' ' ' 

data.' Jnjhe first embodiments .the.^pattern.nsatri?c con- nc: [0042] :rAri enormous pattern matrix ^ such -^as - 

sistsof 12 rov^by ^t2 columns. tTbe v tableareprepared -^",^^^^^ 1 000x1 ooatheoretically enables to teaiize screens with * 

tor each (element of tte paittern xnatrix and Jdieritified by (a* :: angles relatiedbtd the irrational^tarfgent* or screen sets^ " 

reference number « ^.to :144)..The pattern mafrixin.Cc- with equal halftone spot jaitch among the screens of dif- 

FIG. 5(B)ijcontains the reference: cnjnibers to the^^ ^rs ferenti:angles. H€w*ever?§irice a^lirfiit^^ - 

tables For instance. . given .that the: reference Tiunriberrof:^^ the resolution (dpi) of the engihb. the 6lectirophbt6-^ ^ 

the pattern /matrix ;Con-espiDMriding\torA d6t:^ graphic apparatus sStiCh"as*a't?6lor page printetr cannbt-^ 

data is i217.iimage, reproduction fdata^conresponding t63 utilize such- a* pattern ^rtfefrixt:b1'ehOT 

the dot P.-^are determined by refererxieiito: the r atable' ^/ -^ Further.sifan^atternpt^smadetb achieve ^^^^ 

whose refererKe;number 27.7Specrficafly.??»naQe:r^o-K:2o about '600 '^dpi/^'the^^ pitch ' t>etweeh ^hatftone; spots • " 

duction'idata^^Xan output value) cdrespondiogito hatftoriecr'O] becornes too 1orfg'(cdnsequemiyf the^^^ fretfuen^ ' 

data of:imagedatai(an inpiA tov^larereadbyceference-^ is redu\;ecO; sd'thattli<^ resolutidii ofthe'riisultant repirb- 

to the Y ♦able eorr;jesponding:to refereoc€rrairrt>er;27:^ofl emi duced^ 'image^^is detei^iorated drastically.^ In- the -first * * 

[0038] i - -On thebasis-of the in^"gei:r€prodoctkjntdata^"f-1''^ ernbodirnen^lhe developrtteWi^^^^^ lck:^tea- ' '^^ 

determined riby means :.oi the tConS^ersion; tetale/. :the 25 at a desrred^Tp<3«;1tron' vwthiit*a-'d' and-fias'-a aesired--;^' * 

engine7utiljzing^a2laserbeamris.;provKJed^«m^ area; 4s-cohtrdlled^m'^e basis'- of th - 

drive pulse signal rinodulatfed by itheiputse^width modd^s-';:^, tion data: As'a i^&lt.^everi'iri^eTcaiSe bf ai'srra^ - 

lationi method. >aGtivat.es; a d^ecrdfodeeinraccordancte^^ab matrix tfie posilioj^'^f a tialftbne spcit fo growls cbrftrol- | 

with the drivevpulSei and radiates.artasefr;vt>^m^orttdiJafe^ lably^f to an-arbifr^rytiositioA^^ ;J 

photosensitive drum. Consequently, a laser beametsp?^ is noflimitedbythe^dt 'pitch ^br'thearrs^ ' " 

radiated ohto'onlyra riegiorr of d^edrairea^ thusi^achie^^ng^^iigert^^n^ei^ tb the in-atibnal j 

right sideTWithin:ia:>dotr.aTiddbnerBC^^ thev1hu^-:/cvH tangent 8r a. uniform fsitShbf Mlftbhe s^^ ^ f^^r^^-.v^ 

in-adiated,cregioaVr>The;inriadei.Teprodcrctk)^ tru: [0043] As shbNwfTin'i^GS? S through"- 7r there still ' - 

from the Y .t^le conpriseidiatapertaininglb^Whem^ exists il§dgs$ity^f6i' pfovidifig^y -iabltfe^ bf '1 44 types^ - - 

region to:berirradiafed ision2the3leftOf .T^ evenMh th^^'^^^^bf the^Jaftem matfix'having 'l^'irows^ - 

dot. as-wellr^rpafee wdthodatansDrre^rkJif^ tc5*'th6^^f^'*^ and ^2' <5orumhs; sSuchr aTarge^riuh^ 

area Gf thet^iontobeirradiatedi-^ enipr.^ arT 86 ncitoes requiiffea l^rge^eh^rfy -^"'"^ ^ * J"'/ 

[0039]ieov: glG:i6 isi^anr.illustrationlshbvWhg^ante)^mFfl^B;^ [fOfm} ""^^ In^'a^-sdcbrid- ^nto^dirtieht -of -tiife presenf "^^^ 

of the^pattern mairix accordirtgrtptttJ^Tirst^'ecT^^ inverttibn; tRe"tbtdl-¥iurnber b^^ y tatifes is diminished' by " ■ ■ ' 

As mentionediatK3fve..nhe^0attenri/;corre5poridff-lo^^-'a^ cbllecting. into a single table, y tables assigned the -^^ ^'^ 

matrix having 12^rbws and t2*colomrts.rA*total?of>l44 /k^^^ same^butF^iiffo^^ffli nTpjutlevelf / ^ '-^^^ 

reference numbers (ft to^144)^.are^asstgned'to^ele^ [0045f FIG:^ S sho«fe-1hd^-^^ cbriv^r^blr| taWe^^^^^^ 

of thecrtiatrixwithout invbl\fenient^of aribveHap. -o- '5^* r ■:rtv^^ accoitling^ tb thfe s^^orid embodirnent.^^^^ ' 

[0040] o ;RQ:=*7 lis; a -diagrarrirriatib J repf^entation^bf- srt the conversion t^e slrown in FIG: 5.'A«itierein^ihdivi^ ' • 

an example of .the o^^tableaccordihg^t01t^^e first emtJbdr- ^ 4s ftaWeS ^e assigned to resp^cti^^ elements of the paf 

ment.:^ln this> lable^inputrtevels 'of hamohe 'date'^^ ' tern rmtrix. an index of they taJDtfel^ ' 

associated>with:;pu!puts /including- infiage-reprc^i^ tive efernemSof the^patte niatrix. The f tadDle'is 

data pertaining to whether the nghtbr: theieft'side of tK -= ^ ■ by refefferice-tb-ah ifid^x table. ^Coriseqtiehtly a^^ing^^^^^ 

dot is>to be irradiated with a- laser ib^mcand dafeTD^i-- ^' ^ table ckFTb'feishareKJ^mbng a^'^ 

tainingsto the extent to which the region is to be irfadi- ' pattern matrix. and^eWrnb^r of y tabies"can tie'set'to ' 

ated. ;ln:.the exahple shown- inoFIG: -7. the*iy 1^1^^^^" 't-^ a sriisril Vafue indeperdently'^^^ y ' ' 

assigned >ta referance^ number r."j^ cbn>>©rts 'IbW-revel'^ [0046] Asi showri in FtG. 2] ih'ascreeri whose ^gle' ^ 

input data into high-level output data and <S0n^espdnds ? has a rational tangent (hereinafter called a "rational tari- 

to a dot in: the rpattern matrix whidi-grbws when the- --*-} gent s6reen"), dots appear; in the tefm '6f coittbletely ^ ' 

input level of= the: imagerdata is comparatiVely^loiW. T^^ identibal patterns? in positions spiaced "apa^^ ' :^ 

table assigned^to reference: number "m^ cbrwertts inpu;-^ - anothef by ^a giV^en distance in- th^ longitudinaf direction 

data into:output^datai:so:as.to be ih;proportibn tothe - Q and a given distance in the lateral direction/ A^ 

input data^andbbrresponds to a ddt in the pattern rmtrix'^^^ ' dots can be designated-within a square matrix of finite ' ' ' 
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size >vvithout-involvement of .errors/ Furtheiv ic^ ir v 

withinjtieisquare matrix in the fornri of coKipJetely'iden-T -i- 
ticah patterns. In this sens@; the index-^typejconversion ^ . 
table^is advantageot^in the-case of^e^tionatiangent 
screen:> r. %rt; 'c ' ? ^^^ r^^i? nsh;^- -jw:;;:; \s 

[0047] Strictly speakingrhalfton^ sipots Of the ^b^^:-^ ^ 
pattern do not appear in ttieiirratiocjal tangent screen. In-" 
the secpnd emtpodlniertt, 144ytaWQs are olassifued into r:; 
a groyp-pf lablesjjQrrespondifig to hc^lftone spots whose r ;: 
right portions ai:e-^a^topn^ent^jegipn5 -(i:e;7 regions ro 
exposed to arlas^^r be^m) and anotheftgroup of matrices; , .:, 
conresponding^o halftpn^ spo^.whosejett portionsLare ' 
dev€jc>p^ent regiQn&.d0f tfie .plurality oft^hgs!»fiJas8ifiedii> :^ 
y-tables.)flf tables jwifti sirnilar iriRttf-ogtpi>rt tcorrespond- rr. 1/ 
ence ar^jQojJ^.^.nThe thMSrGQHe«3e<iadjapent;TtaWesi.Ef :?5 
are a^grj^jja, singly indjejCif *o (ict no;:.j;i.' -v ; 

[0048] £ -FKa:,^ i%an jllustr^tipR^he^ng i^.^jMU^ 
of a p§t]tjeirFi£fnatrj^ aQ^dieg>:to^er3e!30qd embodir.?. 
ment ,The patterr^rri^friij^s^jhpwffiiiB^^r », 
the fprmpf eaigir^afe P9ttar:« matrpfe the. pattern Tnatrix^o'^ 
shown,;ijaii,FIQi 8(Bliand^the rtnet^x fJG. .ct ci 

8(C). [n jhepatteea va^tr'^ s^ym In FIG ' ftJn>CQnno<3tton>^. , ^ 
wrth t,4he . HfSVii embqd.ifnetit,hjd.iff^€^ tablestrsara :,:;c 
assigned;:^tp all tti€i*,e!en;ient^ of rtbe fnatrixrhaving 12 ^ 
rows ai[>^>12 coljjmns,-^ epgtrast.-jfijtfie eofannpleshown f. 2^ 
in FIG. 9. y:tal>[^,of :a5:type§i^e assignee* to 144ceje-.?^ :.:: 
merits^ cj Jt\ecm^M^^^ scokimras!: -rr:: 

Numbers assigned ^i\AA^^^^, shoew-incFIQ. .9 j;; - 
designate, indk^^s.of th%ry»ital?!.esr:Accq|^ tables.*:;.-.' 
are uncier^oodf to be, ^psignesdrt^iJh^ieleorierfe insane n3P 
overlapping mapner. F5Grj:pocampl.e;;9ift.^r^^!e:as$^^ r>i 
number 1 is all^J^, tOf§J€n^^nfe^JP1T:,^^^>^ ^irp v^^r^t 
D3.10ViP7;.1^*:and D^^jo.tJii.G^ the-jpsittef'^ ntsilBi^fe '^k;0; 
[0049J: q ,^ ASrnienFlipn^ ,ja^e.vtti^ ^(ital. ^MI*§r Pf yiaU? 
tables gap be ^inii/l^st?.€»cyiy col!e<5tkig^ tai>l^€gt;^ts§ignedn^ 
to dcrts' w^o^^;dev.j^ppfTi^y P^njfftjBrjgame 'j-,b 

side and which output sub^r^aJly ^-^^me-value in i^c-- , 
respqnsgt^o aennpyt. jSpecrtic^Jfyf ttie adjacent 7 tables.ro?"] 
of the^,y;t3We^^hGwn i^.f^,l^^^^ 7 ^e.eglleQfeedjntoa singly y^vi i 

groufX;.< ^>e,-^if:c-f^ v -^^-^^^ ^f?*-- ^ .y*^^^^^'^^ 

[0050] FIG. 10 shows an e?c^rpple:^ hailftpne.§pqjs.r,-re 
that h^ye^been^py^ acc^prdyigjto^fllg-^eOTrigien^^^ 
ment.< Ey^pj^ifitigTis exafXjpje.rtliG devf!oRnri©f|t fegionsr 
formejd in respective dots c^j^^ p poj&itipaan^ acea.frprn, - .,, r 
one dQ]t;.tp-anptlii,er. Qcaisequentlyr the^jperrteffiCopjtii- z 
nates otti^e-gi^wn halftonejspqt $P4^re4S,2./2'.0),.and -.vc^ 
the center cqoccMnate© of the ^r^ i 
are (10j5,ao;7).- TTie-ha^^^ SPl agdSF^S.can ,c 

be placed ln|th^-safnapq^pns^as tfipse:6hown ki^lG. ; 
4. At th^^tirrie. the screen 5^ pf -.r sp 

about 15**, and^^the^pitc|iHqf,:ti;ie 

value,,^pf, 3.Q,,as .in the .c^se of the: ex^mple.^shown in 

FIG. ^ ;^ c. r,]-i : :f 1 ^^'i:=t I'-iU Mr-:*: ( gf: * 

[0051] - . ^^is evident from cornparisonTb^ the -t^^v 
example, shpvynjin.tFK3.-j4.,a^ example shpwn,: in - 55 
FIG. ,10. .the, <ip^: p\^rD^i^ 1P2.7^P3.10>^• P7.12^''anc^• 
^10.11. shown in.-FIG. 4 cprraspond.to dots whose right-;, -y 
side por^iops, are. de\§e|qpedriOr retrain j.sii>starTtia!!y 



undeveloped; In cpTTtrast,jas a result of altocatioh 6f*tKe' ^ 
single y table to the correspofKJingfdots shcWn in FIG7 * 
10, the rightrside^ portions of all-the dots' are? deK^elc^ed^ 
tothesame-area:; r ;> c-' r - ^ ^: i x 

[Electrophotographic Apparatus^'System] " • ^ - - ' ' * 

[0052] FIG. 1 1 is a schematic diiagram showing 'the ^ 
configuration of an -electrophfotographic" system/ In this"^- 
example.' a rhost corhptfter.:50 produces irrtagVdata'^56 
comprising RGB hatftone:data^(each data set incruduig ' 
eighl bTts.^ad:the halftone data^comprrse a total of 24 ^ 
bits). The RGBihalftorre data are delivered to an electro^^ 
photographic apparatuslBO- such as -a page printer^ On 
the t>asis of supplied-. image data 56,-the'electrophotd- ^ 
graphic apparatusi60 reproduces a color'im^ge. TFie^ 
electrpphotogr^hic apparatus- 60^mprises>a control- 
ler 62 vvhtelT prjQcesses^f-an 'image -and supplies laser 
drive data 69■^to-an^1enginei!aod-a^^?eng^ne 70- which 
reproduces:^ jnaage accordihg lo the^ drive data ^69. ^ 
[0053]i:,rV.:rBy trpeans ttrfs an: application ^.program : 52; 
such^asta^:wo^dq^rocessm94>nc>gram or^angraphic^tobK ^ 
the host' computer 50^prodL^ces text? data;: graphic :data,^ " 
bit-map^ datatot lherltkee The data sets producedlsy the^ - 
application ' program vSSr- are rasterizedwby means^ of a 3 
electrophotographic ^apparatus:>ndrivenr/software'&54^ ; 
installed )in the hcxstioonputer 50:^The>thusrrast^4zed -'^ 
data^ets-arecconve^edrinto^e umagevdata 56. "each > 
pixel ionjchst of .w4iich^jQomp^ ' 
Ctetasiet&t.cd >bZ'f^ e .vt;rK>upt3:!i:D ,rD?;**^ ^v:T::/r^is^v- 
[0054] 3 Tte-?:elaGtK^3tiotographici:;appara^^ i:is' >■ 
providedJwith an£ur^ltG^ated;builtTinrmicrq3rdcessof^ v 
and the-miorjQpcocessocxJiitjcombmatiQn.w 
progi^iin^[ed^^*t(iereiai tCT8Stitutes:a^corTtr6Rer €2 
including ca ? .colori;^conveTBicKi -isectbn: -64; ^a- ^ hatft^e : 
processirtg sectkm:f£6;var^la^.puls6^wktthcnKsdu^^ 
section 68. The engine 70 te.g.JLa laser driveio72;iacll?^ ^ 
vatesa^la^it<lhxl@y744or^rawing.'ahi^ bn^e basi^^C 
of therdrwerdataes*.:^ Although;the enginei7t>-Gom^ ; 
a;photosensitive di=umr'a^transt^rrbelt. anda drive see- ^ ^ 
tion, theseielemecnsate omitted from F4Q.-:ti: pi've^-, ;rn 
[0055];\^rriil5fiDCotoncconversio»tsection a64jprovided-^ . 
within the conflydler .62>convjerts.BGB halftone data^SSy* 
that ace.^uppHodJoqeachxlotrintpyJSMyK^halffone dataO- 
to whL<*i:are ,tsomplementaryctcr.the:BGB^^ 4n::#ieM 
CMYK halftoperdala^lOiceach colQr:jhalftone data set ^ 
conpcisesjB: bijfes lancLamaxfnouint of ;256j gray scates^vO 
The ookpr convter^ionrsactijom; 64 converts the I^GBfbatfc 2 
tone d9^ §e-jbr^ch^xlol into tbetialftone data 10 for^i 
eachpjarje dptoQf^the.fiespactivecGMYK colors. Conser 
quently.:|he hattton^ pjrocessing^sectio^:.^S9iS:Suf^l^ed r 
with the ha^pnadata'IP corre^portdingioa* plane dot-of ,■ 
the re?5pecti\«&-,GptQr ; r^^r^^^ tr-v^ -: i r:ni &^ ;r 
[005S1 . By^ refeeegice Jo a previouslyrpreparedrcoaf r 
version . tabIer defioiiig^ the:^;<x>rre5^O0dence iaetWeen' : 
halftone data.ancl:i(nage reproduclion^a^ta; the halftone :; 
processing sectiqa @6.prodifces. ircm the ^lalltone data : 
10 fbr.each dot. the irnageir^roductionvdata SDtfoneach 
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dot. The^jimlflone prpQigssingi section 66.- produces Ihfe 
irrBge..reprp(?!uQtion djate 30,, vtfl3jcht:epresent tmlftoaes; 
by utilization i;3f; e,g^ a rftultivalueci dithering method. 
For exan^le.r through use .of tbe. conversian^^^ 
prising the pattern rnatHce$>ai3(}>ttia.''rtables shown in 
FIGS. 5 to 9. for eadi dot the halftone processing sec- 
tion 66 car\; produce th^ 30 
which refyi^^e?rt -thg righ^^ oyef|r 5egiqnr-an<^ ttie area of 
ther^i9a^^*.^^r'",^ ^.■::.u>-af•• .. zri: 

[0057]: o /jn,^ pr^ferrecfe;ejT3tK>idim^ of 
the nriu|tiyaluecl:0ftt)eong n^ethoci <a tM3loc:prtnt6^ as 
low dot per joch a? 6QQ:dp<>iS;po^bteeto haveia'diigh 
resolutiGin^byra high f r^ueocyt ^een ^witb smalbspot 
pitch, ancl also^haJQone>proces&^ section '66. can set 
the center ot.a -h^ftqn^;Spotcatfan'jarteiitraryfp<^ 
regardl,e»ioilhepositipntof tte:^dot: As-a nesutt^L-irra- 
tional tangent scite^ns can-be^realizedf. and the pitch of 
halftone spotSigmriQng screens of different coIoes having 
different angjes can bejma^e substan£ially>^ua(>'n> 
[0058]^. ,:v.-=FJ[Gi[.u1:2 :is a schematic: rdiagram showing 
another cpnfiguratiqn- of tie; efectrophotographfC'sys- 
tem. This QDrnfiguratiqn con(:espoildsio.a modification of 
the sysftem cirrfiguratiQn \showi F4Q;o1*n*n?the& sys- 
tem shown incFK3.:12;ra.t^rfyer;softvvare aO'instatted in 
the host conrputer 50 has a rasterisation function 54, 
the color conversion function 64, and the halftone 
processing |unc^ion^66cTl^ese^f^rlctio^s:S4^^64pand^6€^^ 
are ana|ipgm$ to t^xfwctior^ oithe 6^e^nents assighect: 
the s^n?^ reference numerals ;sti50WEUf^^?FI{Bl t^l n Thte 
image reproduction data :30 pnoducediisr ^eacbJCOtorJDj^' 
means of the halftoneo^rocessing fimatkln^.^rd^sop^^ 
plied to the pulse-width modulation section 68 of the 
controHer, 62fprovid,edr:witBmiteaeteGtroptTOtt^^ 
appar^tiJS>^,/5uch :aa?a page'-prkntep. « liMiecy: thecdata 
are conyefted^fnto the desiredjjdruJfiXilata €^jancfedfeliv- 
ered totthe engine 70i nr; brrjubaiqe^ r-ioo o*^? 
[OOS^sJs: Ho;^l%e^exan^le^ofdhe^y6t€sii^bonfi^^ 
shown irr: F^IQ. rl2i thesdciyen software'^ 4ris^ed 4rt>the 
host comput^iQDrperibrms' cobjr^rohveisi^^ 
tone processing QpeFatioos:rirr:thSe:e)^mple'%hcwn in 
FIG. lJ)4lie<a»ntr6Uenpfo&ndaQkw^iTrth0:e^ 
graphicsyjstem performs cblortasnye^^sidRtaniet halftone 
proc^sing: operations^ ^Jn tisejexar^te shbwsaifV FIG. 
12. the host conput^60 pedorrnstconversioniand'half- 
tone processing 'operations,^^lf -demand: exists rfor the 
electi^Qphotographic^^apparatus^ eOi tor'be inexpensive, 
the price .ol the apparatus is tequiredto.be diminished 
by recl^udng the capability of jhe c6rttroller:62. In such a 
case, ^an i effective measure Js to limplernent thid cj9lor 
conversion processing and uthev halftone* processing, 
which are portions of the functions offered by the con- 
troller shown in- FIG.vl 1 rneans'of the driver program 
installed in. the iiost icomputer.^iiT-^a^ case where* the ' 
driver-;80' perfbcms ^halftone iprocessing, -ititfe: storage * 
medium having recorded thereon a programior causiilg : 
the connputer to perform the foregoing halftone process- ^= 
ing procedures is incorporated into the> host coirputfer' 
50. r>:^ \' ^1 \:6 \ ^ '---^ r'-- ^rr.; n- 



[0060]r>'< cAs>:mentidned above, the present invention 
enables ^the"^ 'eletotrophoiographic "device capable-' of 
reproducing i*c^ aitimfted dot density to materialize 
screen ahglesisutetantially related to an irrational tah- 
5 gent witii a small pitch of halftone ^bts and high reso- 
lution. Furthe*. the all pitches of halftone spots of 
different<co(orr^scte.ens having different^angles can: t>e 
made^ubstarttiatly i^equal at a limited dot density. ^-^ ^ ' 
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A color electrophotographic apparatus which repro- 
duces an innSage bycutilizatidh of a-jDlur^Iity bf color 
tonersT 'and by'^e^essihg ha^one of each'' color 
thrbugh 'us^^f4ialft<me spots fiKflFied frbrh a plural- 
ity of ddt^^^id^p^f^Qsr^orttprisi 



atiaitflone'pfobe^ing sectioh^which is provided 
Wtth3 hSIftcfn^: <^ta" Creqpiictive <x)ldri5 and 
cwhi<^' reproduces im^ge fepirddu6tioh data by 
rirff€H'6nCS^t6^|jiVe5nversioh'1able d^hihg -^i cor- 
t'ir.. tsaspdnddnce^betweeh^ the halffbne datat' and 
V Iftia^'fgpYriduction d^taf an<3 ■ • - ' " 
't '^arl liift^aig^^r^lSroductioi^ e>Tgin%f^ Which is' pro- 
vid6»dNAffthia'drh^^s^h^^bdrtreS^^ the 
1niade^^f%pfbduc^bn ddta tb'^^^ tiie 
rttortersf ' to^adh^e'^to -a dev^oprtifeh! 'region 
er^Who^^fefS ahtf Ibc^tioh^cdi'respd^ to tiie 
-^^^imaQe r§t>rH0ducti6M 
wherein said halftone processihg'siecticnni pre- 
pares the image reproduction data to be used 
o: :.*br-^^1ng 

^ "='^g?5ip^ eoTdr 'seregrts to^Sidj-* 

^ ' etalrtially''^aff^h|l€ -reified" to ah^r^^ tian^ 

A color electrophotographic apparatus according to 
cfdirH V.^WTfef^n^^aSd •i^gfe'^rfefwoductibh fengine 
radialies^^*=*b^anv'^ Me^'^dev€fe(S)fnent' Y to 
tiT#reby :^^^S48^^tii43 tbners-to^heire to itie de^lop- 
ment region, and r:i.sc sx 

' Ihfe 4iT^age4eprodueti6h <iat§' cempri^e^'dSta 
f^Hs'rti^hi^g -t6 %'T3oaFtidTi ^^africf 'ah - &r<^ ^o' tie' 
exposed within tiie dot in a scanning direction 



A color electrophotographic app^at^fis^i^ccmiihg to 
d^Sifi'l . iMi^reih theborWersior^tabli c6nrpri6es 

V - a pluiality^f y tables^ e^dh' defining the corre- 
spondence between the halftone dati arid the 
image reproduction data; and 
^ * 'a 'pattern matrix-'having-Veferenc 
• reference date stiow'^e y^table to fae' reW 
"^tb^in re^pbrfee to the matrix having the plur^ality 
V. -^"-Of dOtS:*^ '-'"^ ' ' ■ ^ ' • ' 1:^' ' 
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4. A GolQF ;electrophotographiq. apparatuSiaccdrdi ng ^tceo 
:€?laim^3{:jwherein aj3^rtia| oyeriapiexistsiln the;refercr " : 
,ence data providedi^ithin the pattern rriatrix/and a -LV 
.singlg y.teble is ref^nred:to by.jthejpluralrty'of dotS : t 
wilhin the patteri^vfjjatnx:^ i: r r ji; ;ihrn3 i It; a 



5. A color electrophotographic apparatus which fepfo- 
duces an imagei)y utilization of a pliirallty^6f^color> 
toners and by expressing halftone of each color 
through use of halftone spots formed from a plural- 
ity of dots, said apparatus comprising: 

. -^a^halftpfie processing seGtlofi:.whjch is provided 
■J vxwith, halftone^ data ^pf ;; t:esRpctivej colors rand 
which reproduces tfie image , reproduction data 
corresponding to4heod0tSi:Qnutheeb^sis>,of Jhe 
halftone data by reference to a conversion table 
U- :/^J?f!P!Og;t a-* correspondency :betw^^ rhalf- 
or E E tpr>e<<Jata.and -Lniage reprpductto^ 
^r, r an imager reproduction engine which j.js/.pro- 
. ^^ed with a drive/^sjgnalyCortespondtng^^^^ the 
nE- '??1^® :=r€p.rQductlc;»i .data to-ther*yrcau^e the 

toners to adhere^^O:;. a .^devjelopme^^^ 
o c whqse-area^andl lopa^tion.-.cpniesppnd to the 
if ' ''r'Pitjri^IP?^M^Q'?>Ci|^ta.e!iyi 
> yvhefein7saidilTajffew?e^^ 

.i^arescthe image r^rc^upttprh^datg to bemused 
c^:-"ter fraJdng^dj§taiK:es:>arTO^ e^nfroids^^the 
halftone sppte . of the piMrality:Ofj^cp^ 



:yr^ : -jf s^sti r.oij:;utx>'a5i epsm^ Grit z-9i^.q 
A coJor.eleqtrcphGtogr^^ to 
claim ^. M)er§in .said irxagex^reprpdMCtiQiic^eDgine 
cadiates^ap beam :^tq:^^e c devplopixierrtiiregion to 
thereby causes the toners to adhere to ttie develop- 
ment region, and 

c* paibx;;)OS ^;>qqf^ oina^viDcto'iacnberh -scion P- 
or J^FPC^MPtion ^datartQQmprise dat^ 

0: P®E^*"i09"^c%J?*is*tion and -aacarea?tO:^fee ! 
^^. -^gxpgsed within-tt;^e<dot,ip a scarinipig;jE|ir€K3ioni/ 



of the beam. 



^^c^lor.f lecfrophotc^rap^ to 
daim S.njftfheregi th%/;orjvfeg5ion,tab!e fipmprises 

a plurality of y tables each defining^hei-cprre- 
spondence between the halftone data and the 

.^.pattern iriatrix^hgv^g nsferrence <^)a^. which 
reference data show the y tab^e to be refen-ed 

. tOjin.ijpg3pnsgj9l#je n^^hav^ 

of-dot^jrv. r,,;ot*lCjn nesiv^'sc' y^e\- 

A.(^|Qr (^l^::frQphQtqgraF^ic app accprding to 
df im 7^ ,w0er^int§ partial^oyarls^ In the refer- 
ence data pr^/^cj^^yithin the,p^ a 
single y table is referred to by the pluraiityrOf ^^ots 
within the pattern matrix. 
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9. AinriBthod^of processing an »irnag'e 6f color electiro- * — 
photography by utilization of a plurality of eolortbh- ^ 
ers and : by e)qDressihg ihalftone^r Of each 'Gdlor »' 
through.use of halftdhe spots'-fbrml^ from a' plui'al- * 
ity of dots, said methbd-cOnipris|hig: » t: 

a* halftone proceissing procisss; iff which^^half- - 
j tone* data^are'^'ptw 
and the image reproduction data correspohcf- ' 
sing to the dots are prodtfced on the basis of the"^ 
' h ^ halftone data t>y^referfence to at^bnversion table • • - 

^'defining the'^rrespondehce betwei^rl'*^^^ haff- ' 
. : u::A6ne data and^image: reproduction 'data; ahd 
Tr : an:/ irriage ir^roduction 'process?' in which a 
rA no : drive signal eorresponding:to tiie image i'epro- 
eiidCtction data is provided ^ahd the toners' are - ^ ' 
•o ncaused Lto.^adhere^^to<andeveloprheht*' region ' < 
;> ,:\whose -rareai and: location rcorresportd-^tb* the '■ 
irrmge rep.rdduction-datai^withih the dotJs; ^ ' 

. ijni swherein. ' in: the ^ halftone processing -^ocess? - 
-3v -there . ^are . produced the image 'reproduction ; : 
iC r:data;taJ>e .usedvfbr^changing' an ^arigle ctf^ at 
-c7^ rieast bne rcGlor screen of a plurality-'of 'cofdr^^ ^ ' 
H ' hscreer^Ctb substantialty^n wangle refeted to'ah ^' 
?s. irrational tangentr>ja"^ an " :k ^:;r:i jC Vci rni 
'^;*c>f-B-^ ^yr<'j :n3 fioil;r'-ff -oJtT^^^^f?"c^ .^r'. 

1 0. A? method^f ipSroBcessing : ar>;inr^ge ^bf color ^Ifefetro- > - 
photography by utaization of af 'plurality/of colcfpldh-' ^ - 
ersTand ^y-ej^ressihgGhafftone of'^each^ colors ^'^^ 

at t^tDugh:tJse:of halftone spcrts^4ofmedfrom 'aqpiutiaN^/"^^' - 
i^of;dots,^^id.methbc) comprising:-**^^ 
BV^ \o 8d f'O'i;>05 nauBluDonr ri)biw-€*sbQ ^^^^ oJ v:}/tiy 
;jiri:a?tialftone/pr^3Ge^ihg'^pix)cesspin::whi^ hatf^ ^ " 
slBtonedata^of respective;cdors=are*proviaed^af^ 
-vJiithe-^irnaSis jeproduction xElata oorrefep6nding*tO"' 
the dots are reproduced on the 1>€©ls^ off^th'd 
noi:halftoriedata^byirefenehce:tb?aico^^ tat>le;'30iil 
i? ridefaning^e^dba^spondencieibetw^i the^half- ^ o ' 
Hatone daiaa^rimage reproduction 'feta;Tahtf x r;^: - 
cii. n'l ran:.irnage-:reproductibh-processp in'>which'^a ^ 
-oJ^cdriyersignal doatespanding. tO: tfte JnFiage?repr5'' ^. ' 
sr .x3uctionLdataLHis>Npix>vided:}andvJhe 
£>rcausedvio? adheneitoba developmeRp rBgiocK:^ - 
-^.FwhoseKareavarrclalocatiori :corrje^or«rf5 to-the ^ 
ai^Mrr^ge;.reprcduction>data-rwilbiathe5^ =r .J 

wherein; ie :thff fl&Htone; prpoessingi process*^- 
J there. lare^ prepare^ atte iinriage3Tepr<sductioni" ^ ^ 
^Otartoibe^tused for^rakirTg distariceSia ^ 
- - CiBrrtroidsxafttti^ halftonespatStof 'tiiep^^ ^ 
a - OQlots^sutoantiaHytequab- gr^zc^:>^fQ f-r r. iv^^ . r r- 

11. A-H^eiiordbTg^ jHediEurt^ -wr t 
imageprocesskig program usediorteausing a corrt- ^"-^ • 
p^t^*" to perforgi^CQlo0::ele<araphotbgraphic^ image r? iv: 

v-r pfoceserngprocedures for reprioducing^nvimage by = 
utHization Df.ras plurality^of coloritdners arid^by- v^^ 
exprj^ing halflorre of each colpr . through luse of o *: . > 
halftone spots formed from a plurality of dots, said ■ - 
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image processing procedures comprising: 

a halftone processing procedure, in which half- 
tone data are provided for respective colors 
and the image reproduction data correspond- s 
ing to the dots are produced on the basis of the 
halftone data by reference to a conversion table 
defining the con^espondence between the half- 
tone data and image reproduction data, 
wherein the image reproduction data comprise w ^ \ 
data pertaining to a position and area to be ' ~ 
exposed within the dot in the scanning direction 
of the beam, and the halftone processing pro- 
cedures produces the irmge reproductipn data 
to be used for changing an angle of at leas*:on^'^ "rS / ' ; : - f 
color screen of a plurality of color screens to 
substantially an angle related to an Irrational 
tangent. 

12. A recording medium having recorded thereon an 20 / 
image processing program used for causing a com- * ^ 

puter to perform color electrophotographic -image \ 
processing procedures for reproducing iiroge by ^ - \ 
utilization of a plurality of color , foners *^d by ^ ^ \ 
expressing halftone of each cdof through :ijse of 2S 
halftone spots formed from a plurality of dotsi^}said 
image processing procedures cc^mprising: ^> 

halftone processing procedur^. in which t^alf- 
tone data of respective colors are^ovideds^ 3P ' 
the image reproduction data cdrresjpondingilb^C^ 
the dots are' reproduced on the b^sis^cf the^ " 
halftone data by reference to a conversion table.^ 
def iningihe- cpfT^;^|K|^ 
tone data and irrage irep^^ucftibn da^ 
wherein thife image reproduction data^comprise 
data pertairiing to a position and./area to be 
exposed within the dot in a scpniiing direction 




r-.'-: 



of the beam, and the^iatftone-pnocre^Trig jRroJI.. 
cedures produces tfie-inrage-repreduction data 40 [\ v ; 
to be used fcr^rriaking distance^ among the 
centroids of th^ S,^one spots of ttte plurality of 
colors sub^tantiallyequal. ^ 
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FIG. 3 



EXAMPLE OFfHALFTQME SPOT 
ACCORDING TH^ INVENTION 
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